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(57) Abstract: 



PROBLEM TO BE SOLVED: To provide a DBF radar 
device reduced is erroneous detection caused by secular 
change and temperature change. 

SOLUTION: A plurality of element antenna constituting an 
array antenna are divided into a plurality of groups, 
one amplifier amplifying a received signal on every 
element antenna is provided for each group in a 
receiving circuit part, and a plurality of element 
antenna belonging to own group are connected with an 
input terminal of each amplifier through a selector 
switch. The receiving circuit part is provided with a 
phase compensation value detection means and a phase 
compensation means. The phase compensation value 
detection means detects a difference in phase between a 
reference element antenna and the other element 
antenna concerning a digital received signal, estimated 
a difference in phase between the reference element 
antenna and the element antenna belonging to the other 
group using a difference in detected phases of the other 
element antenna belonging to the group including the 
reference element antenna among the differences in 
detected phases as a reference, and compares a 
difference in assumed phases every element antenna 
belonging to the other group with a difference in 



detected phases to determine a phase compensation 
value. The phase compensation means performs phase 
compensation of a digital receiving signal using a phase 
compensation value. 
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■r^W-Wl s tttzT \> - r > 7-1- 1 , ifjfe^^r > f - f- 
-e$jf LfcS^-r > T-^-giJo5:« •» -^-^r*#*S Lfzfeiz 9 

^S'ftM-i-^W Ltfy * ^ifttiiliS LTUIB7 V 

-r yf-jror >-r-^tr-Aco^j3j;yf^iff ^ ^ 
t ± I) 9 — Yv h O tfeft * S<g E ft«B i: 4: * x. , 

mmMMk^m^T >v-i- nwkn ?)\< - 7 - k$3-#j $ fix 
■t 4 r y 7- -i-iwmx -i vt- % ft l rmm s 

tlTV^&TM y?)!/ • tf — A • 7 * — 5 > ^* (DBF) 

lt, mnim-yizm-t^m^ry-Ti-nmmim 
BfrflBfeffiWE^sii BfrfBfiffiiiite * ffl v^t bu ibt-* v * 

JDBF l/-/tf„ 

>7-v-t, tfrss#^ 7 > ^ 7 -e$« Lfz^^-r y"r± 

ammmttM Ltzmz h itfy 

9 )vm^z^m U fOfv' * ^SiflfWLtfy 
? ^(Mftlti L TtfrlB7 V-7>rt<?)7>ft^ 

ft iff ^ £ff HKffi t , 

33 r> , mrfB'g'if @s&sr>^!±BfriB^-^^- vtttcfrlE*^- 

7 > -r f .»HMMi -f-OiiflSrff o ±iipl^7i* 1 «-fo«Mt 

ttTV^T-'-f V 9 iV ■ kf — A • 7 * — 5 (DBF) 

«rlE7V-7>x-M±, 36**^-7 >r-^-**trtta:0 
Jt«ffl#^7Vr-7-*«x., 

v 9 t mmmm* 7 > 7- -r-mvnmzim 



(2) #P3 2001-166029 

2 

mm^-r y t- 733 i 0 f HTfB^i : -7 > 7t<0fy' ^ ;w^f 

miBlfcKffl#^-7>T-7CD^ffif2:ffl^**i>i: Lt, «F 
fB*^- ry 7-7- OttttJ&fflM * ffi^ L . 

mm&m^T > r- 7ttic H(riEit^f±ffi^ t mfB^tHaffi 

HfjfBf5:ffiMiE^g(±Bir!Bffiffi (tIE«iC^o TwrfET-'v 9 
SDBFl — ftt„ 
[0 0 0 1 ] 

t«Scco*?-7>7 : -7^e^-5.7W-7>7 i 7*|| 
X, -e<757>x7H'-Z,<0^)56;33 Jzr/TtS^T-V 

iffeii: J: 19 ff^ 7*4 V 9 )V • if — ■ 7 * - 5 > ^* 
(DBF) w^gKBg-r&fcot^So 

[0 0 0 2] 

[S£5fe<7)Sff] — JlfctC, DBFI/-^Sffli, 71/- 

20 7>T-^-^i#)t;i--5.#«d : -7>7 : -7(c-e-^-e-3x, rf7 

Ti3»K #A/DjESfc»*»6ffi*»*L*^^ 
m-tHT-'J y'9)V ■ • 7^-5 • 7°n-by-iJ- 

t-H •) ii/u-C 8 ^ ■f v ^ • tf — A • 7 * - 5 > 9'^M 

[0 0 0 3] iOJ:H-ift»S:DBFl'-*16te« 

#H¥1 1 - 1 6 0 4 2 3#lC^7K$tL7tV-^tt(± 

50 7>7° (LNA) iil^t LtfWjt-ofi, 
m&K-i 7f4ffli>j;ii:J: ^#« J f-7>T-^<75v^-f 

[0 0 0 4] 

^ZW>0i%:Z-Z>tzib<Dm% : x4 -y^l±, Hffll^^;uT-l± 
•e-o«j*3S:^IWR3j**4 0 ^-<7)7ii6, « : f-7>T-7ifc7!»* 

[0 0 0 5] — -ft, LNAIi/'f X7-ffi7 (NF) 

4 (±, * IDS CffiO L N A * @E« L tzlrj 
i)\ Wm* 4 7 ■f-OffcSfcBIt-*-* ± HNF *T»f 4 

[0 0 0 6] Lrt>U LNAttlHHias^-e**^*^ 

l n A<nmmMi\:*?%-*E£.it\z x zmmmti^mfriz 

50 & 0 



3 

[0 0 0 7] ^(Offlmkmt, DBF&SUi3tt^T> 

ttftTS*io 
[0 0 0 8] 

[0 0 0 9] $PI<ODBFl/-fill±, Hii^r 

gffift-f - SrlftS L fcf£ IC ^ ^ > n > / <- h L T t-'v * ;V 
U f«fy * ^S«Ml:WLTfy * )V 

[ooio] «ifc<o*?-T vx^itttSco^^-yu^ 
[001 1] £«BI&aH±te*m:E*tea#&fcffilfl1* 

■j- t vma&ivtm u Attn $ :iifcttssi*> 5 

7 > t- i-m iz * mmimrn t m&mm % tm l re 

[0 0 12] if«»0»K*ft*«#*fcfcafr=*v»Ttfc 

ttoatL^ai*^ t, ***^-7 > Ttost jB^-i; 

ffiffiHiE^a 33 ^ X , ffitfl ttiEII £ ft v > r#*T- 7 > 

[001 3] 

DBFl/- * jjr*-*jftH"e* 4 c 
[0 0 14] iWDBFV-^Slli, lit (CW) 
ZfflifcWcg.m (FM) L7t^faf§-§-£fflv>£FM-CW 

[0 0 15] lOV-^glli, njgco*^-7>7"7 l -R 
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[0 0 16] ajfHIS&^3 (±, tf»*MH«Mfc&« f 0 (fcfc 
xlf7 6 GHZ) 0«ESll«a»11^3 1 fc, ^7r 
7>7°3 2 »ES3 3 *f[x.rv»4 0 mffftUffilMIS 
10 jg»3 U±, IH^4lr"&Lfc3E1PI«l»*B5^'bm*Stt*lW 
«IEi:iot, ^PSrS&ipIarAF ti-4H^t&^IS 

s*L*:*ae«* (anmt») zmti-f&o v&mmt'< 

■;7r7>7"3 2tHfi$jl, >7i- 4frbW,M 

[0 0 17] £33, jSflMTS-O— «SI±4frffi#3 3 1Cio 
TS:lfiaS&*|5 2[*l«0RF7>7°2 2 H^-@E$^5 0 RF 
7>7'2 2TMi«$*Lfcfl|*li, S:«ttv&ftwn-*;u 
im^t Lxm^bix&o 

[0 0 18] $Sffl©7 1/-7>ftll±, nm<vm=?- 
20 7>rtRxl-Ri (n) Jfi, 3 1io*o m 1iO^ 
;t--7°Gl-Gm (m=n/3) IC^lt^nTV^o 4 

fc, ii^7>ftRx i iW^afflMffrv^i: 
[0019] mmmmw> 2 «±, miBoifra*]^^ 7^ 

SWl-SW(m) =Htx.& 0 «r««Hft^-f 7fSWl 
-SW (m) I±, ■ttl-?iVl'=><7)Bmm&.t 3-3<D®7£ 
S**^L, PTl&^*l±DBF-7'n-fe-y^2 8 

30 [0 0 2 0] MM^^fffSWl-SW (m) tt, 

[0 0 2 1 ] HtatOm^'f 7fSWl - SW (m) 0# 
HT«*jftt:«±, *ft«ifiitilWL N A 1 - L N A 

(m) <o^xtim^mm^ivx^i,o 

[0 0 2 2] fftSt^itiflflLNA 1 -LNA (m) <0« 
Al-LNA (m) WffiJJIflJ:, **L-f*L«gtSWfc^ 

[0023] im. 1 ®^ i -y t- 2 1 o-wsymiw t «ra« 

J&X -f -y •f - 1 IffltUc, DBF7"D-byt2 8 ^ <b W^O^ 

(m) fcsyaejft^'f 1 toifawimmmiwzi: 

*), IkmO&Aj -yf-2 1 cDUTlMgj&l::, ff7>ft 
R x 1 - R x ( n ) </>T *Lt5>— o^filS^liipg^L N A 
1-LNA (m) (O^-ftlfr—oZftLX&mZtl&o 

so iofiMftftftii, #*^-7>x7 l -e(7),g:it«vftco5: 
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[0 0 2 4] femU&X fyf21 O pJJMgjSli, * 2 

$£**f*I*2 3 <Dfe$L\Z\±^ ^f24, ^-X;s'>K 
iftiS2 5, n-;U7^^2 6, A/D»2 7 
±5J:0 f T'-f • if— A • "7:* — ^ >^*7°n-tr^^ 

(DBF7°n-t7t) 2 8^11tC^£tlT^4 0 
[0 0 2 5 ] |f7>rtRx 1-Rx ( n ) L 
fc«#l±, f&ifilfi^LNAl^LNA (m) isitf 
*2fi*t*ltiHS2 3ti|g$^ S 4 tZ±3V^T 

RFT>7°2 2 frh(0U — Jj ;Wf -5§- t^v>^^n 

b itHIM^ t ^mm^r t *>3Hf-i§-e2& 4 tf- 

[0 0 2 6 ] lf-Ht*M:, ^-^>KiWS2 5fi 
J:tfD-/N 0 x-7 -f 2 6 4r^hLTA/D^Jfe^2 7 H 
A* Six, Blf^60^^ ^ >9"V<r4 V?)V\£- Hg-g- 

(fy'^^fff) KHHft$tL4o 

[0 0 2 7] DBF7°n-t 7 ^2 8 t±, A/D3£#|3I2 

[0 0 2 8 ] FM-CWV-^f^II 
[0 0 2 9] H^^PFM-CWyV^-Cii. «Jt*fi6 

(^>KIB) otr-b»at**f b2 
f bl = f r-f d - ( 1 ) 

fb2 = f r + f d - (2) 

[0 0 3 0 ] Lfctfot, ^W^M ^^TyyiZBi: 

«5&**lH\ ^ (3) (4) *6 f rfiitKf dt* 

[0 0 3 1 ] 

fr=(fbl + fb2)/2 - (3) 

fd=(fb2-fbl)/2 - (4) 

V**0 (5) (6) *i:J:»#6Srt^|4o 
[0 0 3 2] 

R= (C/ (4 - AF ■ f m) ) ■ f r ••• (5) 
V- (C/ (2 • f 0) ) ■ f d - (6) 

<1-U. C(±:fe^Ift, f mi±FMjE«H«fe»-C*4o 
[0 0 3 3 ] fc£;5T\ DB FMtli^T >x:Mf- 
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[0 0 3 4] B2i:^fJ;Ti:, HjSMW&Lfc* -y? 
h^?.<0R#St5 2t5 5 \ ff7>ftKxl-Ei 
(n) (DIE®* ft 5 1 C^LtftS 0 T"AttL7tfci-^ 
fc, #|f7>ftRil~Ri (n) lzm&-t&BL*t 
«r& 5 2 O^fefflMli^-f- 5 3tgL fcttRO J: -? K ft 

4 o 

[0 0 3 5] B3(±, H2 0*«no«^S:ia;*:LfcL 
fcHt?**o »»7>ftRx 1 U»*4R*« 

Rftf*«oe*g»fi«±EH 5 4 /-ittft < ft 4 o L fctf 
oT. -ecO^ilt^T^x^R x 2 tCilJjii-^mfS^ 
ttiiWJf^T > f t i:ait41«^fl:* J: «9 &9 
3x4 0 

[ 0 0 3 6 ] *?7>ttRx URx 2 O Pfl ffi 4: d t: 

t*k, E*5 4(±dsin^-e*-*-c:fc* f -e#, ^-offi: 

filitfli, (dsinfl) /A<h&4 0 C^ti. A (±31 

[0 0 3 7] J £<Di&<Dmi L T>'Tl-Rx 3 -Rx (n) 
20 «?7>rtRx 2 ^«V^TJ«lC|BP»d"eEy!lStLT 
V^tf^fc, #i?7>rtRx3-Rx (n) co^ 

ms^r^x^ujti-affifflatLiji. (2 • dsin 

6) /A, (3 • dsinfl) /A. ( ( n - 1 ) 

dsinfl ) / X <h&4 0 

[0 0 3 8] #|f7>7tRx 1-Rx (n) tr^M 
[0 0 3 9] L/:^ot, D B F 7° n y *Y 2 8 \z j3 v> 

^•f^I^Inltt^^^ilUft^o i"ft*>*>. 7l/-7>7 
[0 0 4 0] T>T--Mf-A^fMT^tt(±\ -eco^fpl 

-cwi/- y*ito»jjiKau «£ ij 4 i 1 3S»-e § 

4 o 

[0 0 4 1] JJLhliiiLfcidJC, T>x±tf-A*iE 
It L5fe3fc1- 4 *6 ic (i , #f^7>ft tJ'Sif t 
tz9-Yv\ ir h <T)WMWlk<0\iMmm.iiE L < D B F 

[0 0 4 2] ffiaHHt«&LNAl~LNA 
(m) tt|MBfl|pf--C*4fcJe>K, ilKIEft^g^SEffcU 

50 ^l*OgSl±, fgli^liilil^LNA 1 -LNA (m) 
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[0 0 4 3] ft*, &2ffigMW«H}2 3-et«K«ft 

4fc». SfT-7 >-rt-p H lO&*lMMt(iftJbftv^ 
[0 0 4 4] ***JEaR-ei±, -€-Offi«^6*1tjE-i-4 

> t- ^-susif m^mmiE & d b f */* -t y * 2 

8 Ctft^o -Tft*>*>, DBF-7°u-tr<y^2 8 ii, ffiffi 

[0 0 4 5] 0 4ti\ DBF7°n-t y^~2 8 tzl3tt4ffi 

n-?:ft7n-ft- htr*4 0 
[0 0 4 6] Xt77°S1 C:i3V>T\ ^T/ftft 

(FFT) MS^MTfo 
[0 0 4 7] o^tc, Xt7 7°S 3 Ki3V»t\ WJffiffl 

Steffi rv^ jj^* «uiL, Sffleffi^teffi 

fflt, S*f?7>ftRx 1 KStf-TAffeoafc^T > 
TfRx2-Rx (n) fcO|B^*IJHfl[*JSA2-An 

[0 0 4 8] ttfflti:*ISi4feffiU\ 
«: * i3 T teSt [z£.Z)?s4 y K X 

m ^ T«T-T > -r H ^fiffl^ 4: 4 t H J: *) jSA 

[0 0 4 9] 7 V-7>:r^ 1 CDHfr^SH- 

<j> 2 =f d/ A ■ sin/9 

^ 3 == 2 ■ d/ A ■ sin<9 

<j> 4 # 3 • d/ A • sin# 

^ 5 = 4 • d / A * s in # 

I 6 = 5 • d/A • sintf 

I 7 = 6 • d/ A • sintf 
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* UlirT ft |£\ &gR^ T > -f Uis v * tS « S E*f 
^(±#«^7>^^co^^^;vgiJ^$K^g^*^ 

[0050] p-^«hojl— v-tctaannefflWF^ 

*-J-4o 

[0 0 5 1 ] oo%*T, y 6 K±3V»T„ ttffi L 

[0 0 5 2 ] i-r-COLSHUJi, 
HcjJS E XM&t&fcir %>^t &X £ & c ?fcfc ceo 

jfctr-*" 4 *W* a <n RftHKfcT? & tilt ft h ft. 4 -c* ^ -5 

W**^FfiLft^4: Stcji, fiiS^D B F?S*^ ? Iiljl^^ 

[0053] Xr y -7S 6 iC*JV^T#^flJBf35^ § ^/c 

t^tcii, ^fyys 7\z&?fu u-*mmMiazisif 

2>mm%$?T >TtRx 1 i:imtf7>ftRx 2 
- R x ( n ) W*?IH£*M ?S 2 - I n **femi" 4 . 

[0 0 5 4] </^4, SJt^T-TV-r-r-R x 1 tlM-t-?)* 
?7>ttRx 2— Rx (n) OWJffiffiM (Xf^ 
S 5 T-^ffi ^ ^lett-f*^ SfLtV^) ^A2-Ani: 

1-LNA (m) -C^ffiSE-fb* A ' 1 — A 'mi:tl> 
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+ 


(A ' 
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-A ' 


1) 


+ 


A 5 
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(A ' 
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-A ' 


1) 
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A 6 
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(A ' 


2 


-A ' 


1) 


+ 


A 7 


+ 


(A ' 


3 


-A ' 


1) 



^n=F ( n — 1 ) • d / A • sin 
[0 0 5 5] »lSWO*A^fi»t43&ffl*iatt^ El 

# ' 2-^ 2-A2 = 



(n) + (A ' m-A ' 1 ) 

[0 0 5 6] ^T-y^S 8tr(±> 77°S 7-e**fc 
SUffllffiffiSt 77°S5 fcSlffifi: 

ffi^A 2 - A n SrjfcC, WJHffifflMiEStLfe^fflffiffiS 

' 2 - ^ ' n(±, 
■ sin 0 
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I ' 3 = 


I 3 


-A3 = 


2 


• a/A 


• s in 6 


0 ' 4 = 


I 4 


- A 4 = 


3 


• d/A 


- sin 0 


0 ' 5 = 


tj> 5 


-A5 = 


4 


• d/A 


• sin 0 


jS ' 6 = 


0 6 


- A 6 = 


5 


■ d/A 


• sin 8 


* ' 7 = 


* 7 


- A 7 = 
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■ d/A 


- s\n6 
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-A ' 


1) 


+ 


(A ' 
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-A ' 


1) 
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(A ' 
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-A ' 


1 ) 
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(A ' 
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-A ' 


1 ) 



[0 0 5 7] oil:, Xf7-/S 9t?i±, »i 

tof|:it (7) S^fflv>rWJitCJ;i) N P* 
*= (,5 ' 2 + ,S ' 3/2) /2 

x2-Ex (n) coJt^fiffi^ l?S2| - l^nl 



# 21 


= <S> 




I 31 


= 2 


. 0 


# 41 


= 3 


• <£ 


# 51 


= 4 


• <E> 


* 61 


= 5 
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# 71 


= 6 





d/A • sin/9 + (A ' m-A ' 1 ) 

0 * h m=f- r > r in ^ fawii:t^ < xauxfte 

KfitfSit* (Sf^C0d/A • sin^tzffiSi"^) 

[0 0 5 8] 

- (7) 

[0 0 5 9] 



I ^ n I = ( n - 1 ) 3> 
4-<rn^^^)^o Oi±d/A • s i n 6 OHiMtt Kfl&& 



a 4= (A 
o 5= (A 
a6= (A 
a 7= (A 



2— A 
2~A 
2 — A 

3— A 



1) 
1) 
1) 
1) 



1) 



a n= (A " A 

(*4S;*) o 

[0060] ^f77°S 1 2 [Z^X, ^f^* 4 - 

fy^S 1 3i:WfU *D«ffiffi36K^x y "/S 1 It? 
*ftfc|«*iniiL3t:«>oSrffi*1tiE«[i:-r4o i"**? 
*>. #«^T>x^SiJcofeffl«IEfSCl~Cn*, 



JO 



C 1 = 0 
C2=A 2 
C3 = A3 

C4 = A4 4- (A 
C5=A5 + (A 
C6=A6 + (A 
C7 = A7 + (A 



2-A 
2— A 
2~A 
3~A 



1) 
1) 
1) 
1) 
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Cn = A (n) + (A 'm-A ' 1) 

[0 0 6 1] Xr77°S12 H*v»T5feStLfcfc si: 
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C 1 = 0 
C2=A 2 
C3=A 3 
C4 = A4 
C5=A5 
C6=A 6 



Cn = A (n) 

fci-S (*6S:») o 

[ 0 0 6 2 ] Xf7 7°S 1 5 Trt±. Xt77°S 1 

[0 0 6 3] **Jfc»»t?l±^ |f7>ftRx 1 -R 

Rxl-Rx nt:J:otSi7>rt"e*^)7V-7> 
Rxl-Rx3 tttffl«IE#ffl^V^Jt«ffl*^r> 

[0 0 6 4] 
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K J: * tt« O £ & «t«1tiElt * SS^ T 
U io^r^S-f-r > -f ^ K*frJ£1- a t-'v ^ ;i/ hf - h jf-^- 

[[HI] **3BJR"C**DBF V-^Rflt^ 

[02] 7>rtRx 1-Rx nJCiStti*—** 

[SI 3] »*it*LfcBlo 

[04] t7n-f t - ho 

W> 4-lft7/ft> Rxl-Rxn»f?7>f 
20 ^ SW1-SW (m) -flfr&SJ8|;*>r y*-, LNA1 
-LNA (m) -"ffi&TOffflk 2 1-MM^^f7 
3% 2 3---*2lBtt**f«H6k 2 7-A/DJEDW, 2 
8-DBF7°n^7t 0 



[01] 



[19 2] 




Rx(n-2) 
Gm Rx(n-1) 
lRx(n) 



51 




53— 



Rx<n-1> 



Rx{n) 



~7- 



(8) 



#12 0 0 1-16 6 029 



[0 3] 





S10~ 



S7-^ 
S8- 
S9- 

S11- 



«Sttftg(»2W{^ig«:m(»3a») | 



-S12 





1 

S14 




S13 


A 2~ An 




tt*§ffiIEfi=(A2~An)+(A4~An) 
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